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NON-IMMUNOLOGIC FACTOR: IMMUNOSUPPRESSIVE 
DRUG-INDUCED NEPHROTOXICITY 
Tatsuya NAKATANI and Toshihiro ASAI 
From the Department 01 Urology， Osaka City University Graduate School 01 Medicine 
Immunosuppressant-induced nephrotoxicity contributes to kidney graft loss in the long-term as 
one ofthe non-immunologic factors. We previously reported that correction of cyclosporine A (CsA)-
induced hypomagnesemia reduced chronic CsA nephrotoxicity. This study was conducted to 
elucidate the mechanism of the beneficial effects of magnesium (Mg) on CsA nephrotoxicity and 
examine the role ofthe renin-angiotensin system in this mechanism. We particularly focused on CsA-
induced interstitial mononuclear cel infiltration. CsA (15 mg/kg/day， s.c.) was administered daily to 
rats maintained on low sodium diets for 7， 14 and 28 days. The inhibitory effects of Mg 
supplementation and those of angiotensin converting enzyme inhibitor (ACEI) were compared for 
renal function， renal histology， mononuclear cel infiltration and gene expression profile. 
CsA lowered creatinine clearance and developed characteristic tubulointerstitial fibrosis that were 
mostly evident at day 28. CsA-induced impairment of renal function was ameliorated by Mg 
supplementation but not by ACEI. Monocyte/macrophage infiltration preceded the renal fibrosis and 
increased progressively with the duration of CsA administration. CsA markedly upregulated the 
expression of chemoattractant proteins， osteopontin and monocyte chemoattractant protein-l， 
concomitantly. These changes were markedly attenuated by Mg but only slightly by ACEI. CsA 
also promoted expression of fibrogenic molecules and extracellular matrices that were markedly 
attenuated by Mg but only slightly by ACEI. Similarly， CsA-induced tubulointestitial fibrosis was 
almost completely abolished by Mg supplementation but only partially attenuated by ACEI. These 
results suggested that Mg supplementation abolished CsA-induced precedent inflammatory cel influx 
possibly via inhibition of expression of chemoattractants and consequently suppressed tubulointerstitial 
fibrosis. In this beneficial mechanism， factors independent of renin-angiotensin system seem to be 
mainly involved. 
(Acta Urol. Jpn. 48: 699-705， 2002) 


























Mg補給による CsA腎毒性に対する効果を， ACEI 
のそれと比較検討した.






独投与群 (CsA)， CsA投与+高 Mg食投与群
(CsA+Mg)， CsA投与+ACEI投与群 (CsA+
ACEI) ， vehicle投与群 (Vh)の4群に分けた.通常
食中の Mgは0.05%，高 Mg食として0.6%Mgを






ついて検討した.尿細管障害は， score 0 :尿細管
障害なし 1:尿細管障害<10%， 2: 10-25%， 3: 










cyte chemoattractant protein-I (MCP-I)ならびに
osteopontin (OPN) ，線維化促進遺伝子である plate-
let derived grosth factor B-chain (PDGF-B)および
transforming growth factor-s (TGF-s)，細胞外基質
分解抑制系遺伝子である plasminogenactivator 
inhibitor 1 (PAI-l)と tissueinhibitor of metallo-
proteinase inhibitor 1 (TIMP-l)細胞外基質の type
1 collagenおよび tipeIV collagen，血管収縮物質で
ある endothelin・1(ET-l)について，その遺伝子発現




antibody to the rat monocyte/M併(ED-I; Serotec， 
Oxford， UK.)および mousemonoclonal antibody 
to the rat OPN (MPIIIBIO; developmental studies 
hybridoma bank Iowa city， Iowa)を用い immuno-
histochemistryを施行した. Monocyte/M.p浸i簡は腎
皮質 1.0XI.Omm範囲20箇所の ED-I陽性細胞数





析し，群聞の比較には Duncan'smultiple range test 
を使用し， P<0.05をもって有意差ありとした.
結 果
l 生化学検査 (Table1) 
CsAによる血中 Mg濃度の進行的な低下は， Mg 
補給により改善された.CsA， Mgにより血圧は影響
を受けなかったが， ACEIでは進行的に低下し， 28 
Table 1. Changes in systolic blood pressure， plasma Mg， plasma creatinine and creatinine clearance 
Parameters Treatment 
Days 
7 14 28 
Systolic BP (mmHg) CsA 127.7土4.3 131.2 :12.9 130.8士3.2
CsA+Mg 130.6 :12.5 119.5 :12.8 128.0 :14.9 
CsA+ACEI 93.4 :15.5吋 94.9 :16.3吋 76.4 :19.5吋
Vh 128.5 :13.8 126.5土4.1 129.7 :12.0 
Plasma Mg (mEq/l) CsA 1.2 :10.1 1.1土0.1* 1.0土0.2
CsA+Mg 1.4 :10.1 1.4 :10.0 # 1.6 :10.1 
CsA+ACEI 1.2土0.1 1.3土0.1 1.4土0.3
Vh 1.4 :10.0 1.5 :10.0 1.6 :10.1 
Plasma creatinine (mg/dl) CsA 0.39:10.05 0.56土0.09* 0.84土0.1* 
CsA+Mg 0.37土0.04 0.43:1:0.02 0.49:10.03# 
CsA+ACEI 0.50:10.1 * 0.60土0.1* 0.90:10.2 * 
Vh 0.30士0.0 0.30:10.0 0.40:10.0 
Creatinine clearance/kidney weight (mi/min/g) CsA 0.55土0.11* 0.27土0.06* 0.20土0.03本
CsA+Mg 0.53土0.08* 0.41土0.01*# 0.52土0.03#
CsA+ACEI 0.33士0.04* 0.24:10.04* 0.14土0.03本
Vh 0.81土0.05 0.62:10.03 0.67土0.06















約半分の抑制であった (Fig.1C， D). 
3. N orthern blot analysis 
OPN， MCP-1 mRNA (Fig. 2) 
OPN mRNAはCsAにより早くも 7日目から劇的
に発現充進しており(14.6士5.0倍)，その後進行的に
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Fig. 1. Effect of Mg supplementation and angiotensin converting enzyme inhibitor on CsA-induced 
chronic nephropathy. Photomicrographs show the renal cortex of salt-depleted rats given CsA 
(A)， a combination of CsA and Mg (B) and a combination of CsA and benazepril (C) at day 
28. Tubular injury and intestitial fibrosis at day 28 are scored semiquantitatively (D) 

















7 14 28 





Fig. 2. Effects of Mg supplementation and 
angiotensin converting enzyme inhibitor 
on renal cortical mRNA of chemoattrac・
tants in cyclosporine A-treated rats. 
* p<0.05 compared to Vehicle group. 









認めなかった. Collagen IV mRNAは CsAにより
7， 28日目に上昇しており， Mgのみにより抑制され
た.


































12， collagen I 
。
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Treatment Period (day) 
Fig. 3. Effects of Mg supplementation and 
angiotensin converting enzyme inhibitor 
on renal cortical mRNA of TGF-β， 
PDGF咽B，PAI-l， TIMP-l， collagen 1， 
collagen IV and ET-l in cyclosporine 
A-treated rats. * p<O.05 compared to 
































7 14 28 days 
C D 
Fig. 4. Effects of Mg supplementation and angiotensin converting enzyme inhibitor on renal cortical 
infiltration of monocyte/MφCsA・treatedrats showed a marked influx of ED-l positive cells 
at day 28 (A). It was almost completely abolished with Mg supplementation (B) and 
partially suppressed with benazepril treatment (C). D. Time course of the number of mono-
cyte/Mch infiltration among CsA， CsA+Mg， CsA+ACEI and Vehicle group. * p<0.05 com-
pared to Vehicle group. 書p<O.05compared to CsA group. 
嚢にも軽度の染色が見られた (Fig.5A， D). Mg補
給により，実験期間を通じでほぼ完全に OPN発現
は抑制されたが (Fig.5B， D)， ACEIでは28日目に
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C D 
Fig. 5. Effects of Mg supplementation and angiotensin converting enzyme inhibitor on expression of 
OPN in renal ∞rtex. OPN was significantly increased at day 28 in the cortex of CsA-treated 
rats (A). It was almost completely abolished with Mg supplementation (B) and partially sup-
pressed with benazepril treatment (C). D. Time course of the number of OPN positive 
tu bules among CsA， CsA十Mg，CsA+ACEI and Vehicle group. * p<O.05 compared to 
Vehicle group 北p<0.05compared to CsA group. 
糸球体櫨過率が低下する 12) 低酸素は今回調べたう
ち， OPN4.13)， MCP・114.15)， TGF-β16) PDGF-
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